INTRODUCTION {#sec1-1}
============

Cancer is the second leading cause of death worldwide.\[[@ref1]\] In 2018, 18,078,957 patients were diagnosed with various cancer types, and 9,555,027 patients died as a result of cancer across the world.\[[@ref2]\] The age-standardized incidence rate of cancer was 141.6 in 100,000 among Iranians in 2018, with a total of 110,000 new cases and 55,000 deaths.\[[@ref3]\] Similar to other low- and middle-income countries, the incidence of cancer is expected to rise and the number of new cases is predicted to reach 184,481 by 2035.\[[@ref4]\] Based on previous studies, environmental and behavioral risk factors such as tobacco smoking, sedentary lifestyle, unhealthy diet, obesity, alcohol consumption, and infectious agents are responsible for more than 40% of cancer cases and deaths, which means that a staggering number of cancer cases could be avoided if these risk factors were somehow removed.\[[@ref5]\] Although it appears improbable, and likely impossible to eliminate exposure to all environmental risk factors, this target can be partially achieved through increasing knowledge on cancer in the general population, particularly in low- and middle-income countries.\[[@ref6]\] Cancer knowledge is a key element of cancer control programs, leading to both risk reduction and early diagnosis of cancer.\[[@ref7]\]

Nutritional behavior, being one of the most important modifiable risk factors for cancer, is strongly associated with people\'s knowledge of and attitude toward a healthy diet. It has been depicted that increased nutritional knowledge could lead to a decrease in cancer incidence through a change in the dietary behaviors of target groups.\[[@ref8][@ref9]\] However, these behaviors are also associated with many other factors such as race, tradition, cost, constraints, risk perceptions, and attitude toward a healthy diet. Increasing nutrition knowledge will only be effective when the prerequisites are available, and people perceive themselves as being at risk. In such circumstances, this knowledge can increase the possibility of adoption of a healthy diet, therefore increasing overall health. Thus, it is important to consider all three domains (knowledge, attitude, and practice) for successful cancer prevention. Even though previous studies have attempted to develop cancer-specific nutrition questionnaires in other parts of the world,\[[@ref10][@ref11]\] no such study was found in Iran.

Iran is a developing country that has faced rapid changes during the past decades, such as urbanization and increased adoption of Western dietary habits. These changes have resulted in obesity and unhealthy diet among Iranian young adults.\[[@ref12]\] Because the prevalence of both cancer and unhealthy diet is on the rise among the Iranian population, assessing cancer-related nutrition knowledge, attitude, and practice could be advantageous for both cancer control and promoting healthy diet.\[[@ref13]\]

To our knowledge, a valid tool to assess the association between nutritional knowledge, food intake, and cancer is scarce in Iran.\[[@ref14]\] In this study, we aimed to validate a questionnaire to evaluate the nutrition knowledge, attitude, and practice of Iranian women in regard to cancer.

MATERIALS AND METHODS {#sec1-2}
=====================

Development of questionnaire {#sec2-1}
----------------------------

To generate the dietary questions, we used three approaches. First, we used questions that had frequently been raised during several public education programs about dietary habits and cancer prevention that had been held in Tehran.

Second, a comprehensive literature review was done to gather questionnaires and educational materials used in different countries. Finally, we reviewed a series of leaflets and pamphlets that had been used in educational programs at public health-care centers in Tehran.\[[@ref7][@ref10][@ref15][@ref16][@ref17][@ref18][@ref19][@ref20]\] In this questionnaire, we assessed knowledge, attitude, and practice in terms of nutritional causes of cancer including high body mass index (BMI), food groups (foods that increased and decreased cancer risk), micro and macronutrients (regarding their high and low intake), hazardous cooking methods, safe preservation of foods, safe cooking instruments, reading and understanding food labels, and supplement consumption.

The knowledge domain consisted of procedural (e.g., "high intake of fruit and vegetables prevents cancer") and declarative (e.g., "the food pyramid advises a daily intake of four portions of cereals") nutrition knowledge questions.

To design the attitude questions, we used the health belief model, which is one of the most recommended models in increasing the impact of educational programs.\[[@ref21]\] This model was developed to characterize a disease prevention model.\[[@ref22]\] The components of this model are susceptibility, severity, benefits, self-efficacy, barriers, and actions. Finally, the practice domain asked questions related to consumption of local foods, beverages, and additives (healthy and unhealthy) in participants. Other aspects of dietary habits such as preparation and preservation of foods, cooking instruments, food labeling, and supplements were also included in the practice dimension.

The final version of the nutrition-related cancer prevention knowledge, attitude, and practice questionnaire (NUTCANKAP) contained 78 questions, including six demographic questions, i.e., name, phone number, age, weight and height, education level, and marital status; 15 questions on socioeconomic status; 2 questions on cues of action; 11 questions on knowledge; 27 questions on attitude (i.e., 11 questions on perceived susceptibility and four questions each regarding perceived severity, perceived benefit, perceived self-efficacy, and perceived barriers); and finally 17 questions on practice measurements. The NUTCANKAP questionnaire is available on the website of the Cancer Research Center of the Cancer Institute of Iran (<http://cri.tums.ac.ir/crc>).

Validity assessment {#sec2-2}
-------------------

We used content, face, and construct validity methods to assess the questionnaire validity. Qualitative content validity was carried out by an expert panel including three nutritionists, one epidemiologist, and one health promotion expert. In this step, the primary questionnaire was reviewed and commented on by an expert panel. Irrelevant items were removed based on expert opinion, and alterations were made to the remaining items to make them more precise and to enhance clarity. In the next step, to assess face validity, we asked 29 women among the study population to comment on whether or not the concepts of the questionnaire were clear and understandable.

Regarding construct validity, the NUTCANKAP questionnaire was completed by 189 women in different age groups and education levels. Participants were recruited from women who referred to public health centers in Tehran via convenience sampling. The design and aim of the study were explained, and oral informed consent was obtained. We performed exploratory factor analysis (EFA) to find the best place for each item in its associated domain. The questionnaire was self-administered under the supervision of an interviewer, and the maximum time for completion was 45 min.

Scoring method {#sec2-3}
--------------

Correct responses were given a score of one, and incorrect responses, don\'t know answers, or blanks were attributed a score of zero. The total raw scores of "nutritional knowledge" ranged from 0 to 11, which were proportionately transformed to 0--100. The "attitude" section was evaluated by a Likert scale ranging from 1 as least desirable to 5 as most desirable or vice versa. The total raw scores of attitude ranged from 27 to 135, which were proportionately transformed to 0--100. Finally, in the items related to the practice domain, correct choices of food received a score of one, and incorrect or blank responses were regarded as zero. We also scored 15 multiple-choice questions (sure, somewhat, not much, and not necessary) from 1 to 4. The total raw score of this section ranged from 0 to 16, which was proportionately transformed to 0--100. To construct the final questionnaire, we conducted an item analysis and discarded those items that were answered correctly by fewer than 20% or more than 80% of study participants.\[[@ref15]\]

Reliability assessment {#sec2-4}
----------------------

To assess the questionnaire\'s reliability, we measured internal consistency through calculation of Cronbach\'s alpha for items which were on Likert scale (attitude dimension). In addition, as questions of knowledge and practice dimensions were on binary scale, Kuder--Richardson 20 (KR-20) was estimated as a measure of internal consistency for knowledge and practice dimensions. In internal consistency, we explore how each question is consistent within each domain of the questionnaire. Cronbach\'s alpha and KR-20 values range from 0 to 1, and a score above 0.7 is generally regarded as acceptable.\[[@ref23]\]

Test--retest reliability {#sec2-5}
------------------------

We used the test--retest approach to assess the reliability and reproducibility of our findings, which is repeating an identical test on two separate occasions. In this step, the questionnaire was completed twice in a 2-week period by 29 women. The reliability coefficient is the correlation between the scores obtained by the same persons on two different occasions.\[[@ref24]\] Higher values of intraclass correlation coefficient (ICC) indicate greater reliability.

Statistical analysis {#sec2-6}
--------------------

Cronbach\'s alpha and ICC were used as a measure of internal consistency and reliability. We also assessed construct validity to determine the final questions of the NUTCANKAP questionnaire. EFA and Kaiser--Meyer--Olkin (KMO) were used to evaluate model adequacy. Moreover, we performed principal component extraction and varimax rotation to decide on the remaining questions of the questionnaire based on factor loading values. We regarded factor loading values \>0.3 as acceptable. All statistical analyses were performed using Stata 14.1, StataCorp LP, College Station, Texas, USA.

RESULTS {#sec1-3}
=======

A total of 189 adult women aged 24--69 (57.4 ± 129.1) years and with a BMI average of 27.6 ± 4.73 participated in the current study. More than 39% of study participants were in the age group of 40--49 years, and participants were mostly married (87.9%). More than half of the participants had a diploma, and the percentage of overweight persons and obesity was 63% \[[Table 1](#T1){ref-type="table"}\]. The final NUTCANKAP included seventy items (with demographic questions).

###### 

Demographic characteristics of the study participants (*n*=189)

  Variable                                   *n* (%)
  ------------------------------------------ -------------
  Age, years (24-69)                         
   \<30                                      12 (7.06)
   30-39                                     37 (21.76)
   40-49                                     67 (39.41)
   50-59                                     42 (24.71)
   60-69                                     12 (7.06)
  Marital status                             
   Single                                    14 (8.05)
   Married                                   153 (87.93)
   Divorced                                  5 (2.87)
   Widowed                                   2 (1.15)
  Educational level                          
   Primary school                            8 (5.19)
   Middle school, high school, and diploma   99 (64.28)
   Bachelor's degree                         32 (20.78)
   Postgraduate or higher                    15 (9.74)
  BMI (kg/m^2^)                              
   Underweight (\<18.5)                      4 (2.44)
   Normal weight (18.5-24.9)                 55 (33.54)
   Overweight (25.0-29.9)                    63 (38.41)
   Obese Class I (30.0-39.9)                 41 (25.00)
   Obese Class II (≥40.0)                    1 (0.61)

BMI=Body mass index

As presented in [Table 2](#T2){ref-type="table"}, the Cronbach\'s alpha score for attitude domain was 0.80, and KR-20 for knowledge and practice domains was 0.82 and 0.75, respectively. The result of EFA, KMO, implied that the model was reasonably fit (KMO \>0.6), and sphericity assumption in each domain was confirmed by Bartle\'s test (*P* \< 0.001). Furthermore, [Table 3](#T3){ref-type="table"} depicts the results of factor analysis and factor loading values for each of the domains of the questionnaire. Items with factor loadings \<0.3 were deleted. For knowledge, attitude, and practice domains, a total of four, one, and four components were extracted, respectively (eigenvalue \>1). The extracted factors of knowledge were named general knowledge (i), nutrition knowledge (ii), bodyweight knowledge (iii), and healthy food knowledge (iv). The names of extracted factors for practice were food choice (i), oil and additive choice (ii), fruit and vegetables choice (iii), and cooking methods choice (iv). Because questions regarding cues of action decreased the overall Cronbach\'s alpha score, we decided to delete these questions.

###### 

Internal consistency and intraclass correlation coefficient of main domains of knowledge, attitude, and practice questionnaire

  Domains        Internal consistency   ICC    95% CI for ICC
  -------------- ---------------------- ------ ----------------
  Knowledge^a^   0.82                   0.87   0.72-0.94
  Attitude^b^    0.80                   0.83   0.65-0.92
  Practice^a^    0.75                   0.87   0.72-0.94

^a^KR-20 as internal consistency; ^b^Cronbach's alpha as internal consistency. KR-20=Kuder-Richardson 20; ICC=Intraclass correlation coefficient; CI=Confidence interval

###### 

Factor analysis with principal component extraction using varimax rotation

  KAP questionnaire   Question                                  Factor loading extracted component with EV \>1                                                    
  ------------------- ----------------------------------------- ------------------------------------------------ ------ ------ ------ ------ ------ ------ ------ ------
  Knowledge           Method of weight reduction                0.80                                             \-     \-     \-     \-     \-     \-     \-     \-
                      Method of cancer prevention               0.80                                             \-     \-     \-     \-     \-     \-     \-     \-
                      True or false message                     0.47                                             \-     \-     \-     \-     \-     \-     \-     \-
                      Bad fat                                   \-                                               0.80   \-     \-     \-     \-     \-     \-     \-
                      Food group                                \-                                               0.72   \-     \-     \-     \-     \-     \-     \-
                      Food with higher fiber                    \-                                               0.60   \-     \-     \-     \-     \-     \-     \-
                      Factor affecting body weight              \-                                               \-     0.80   \-     \-     \-     \-     \-     \-
                      Self-imaging                              \-                                               \-     0.50   \-     \-     \-     \-     \-     \-
                      Range of BMI for adults                   \-                                               \-     \-     0.86   \-     \-     \-     \-     \-
                      Anti-cancer foods                         \-                                               \-     \-     0.48   \-     \-     \-     \-     \-
  KMO, *χ*^2^, *P*    0.76, 153, \<0.001                                                                                                                          
  Attitude            Perceived susceptibility (10 questions)   \-                                               \-     \-     \-     0.65   \-     \-     \-     \-
                      Perceived severity (4 questions)          \-                                               \-     \-     \-     0.58   \-     \-     \-     \-
                      Perceived benefits (4 questions)          \-                                               \-     \-     \-     0.81   \-     \-     \-     \-
                      Perceived barriers (4 questions)          \-                                               \-     \-     \-     0.90   \-     \-     \-     \-
                      Self-efficacy (4 questions)               \-                                               \-     \-     \-     0.70   \-     \-     \-     \-
  KMO, *χ*^2^, *P*    0.65, 54, \<0.001                                                                                                                           
  Practice            Food choice                               \-                                               \-     \-     \-     \-     0.76   \-     \-     \-
                      Beverage choice                           \-                                               \-     \-     \-     \-     0.66   \-     \-     \-
                      Oil choice                                \-                                               \-     \-     \-     \-     \-     0.78   \-     \-
                      Additive choice                           \-                                               \-     \-     \-     \-     \-     0.70   \-     \-
                      Amount of vegetable intake                \-                                               \-     \-     \-     \-     \-     \-     0.63   \-
                      Amount of fruit intake                    \-                                               \-     \-     \-     \-     \-     \-     0.60   \-
                      Choice of side dished                     \-                                               \-     \-     \-     \-     \-     \-     0.59   \-
                      True or false nutrition practice          \-                                               \-     \-     \-     \-     \-     \-     0.54   \-
                      Vegetable cooking methods                 \-                                               \-     \-     \-     \-     \-     \-     \-     0.74
                      Methods of cooking                        \-                                               \-     \-     \-     \-     \-     \-     \-     0.53
  KMO, *χ*^2^, *P*    0.70, 157, \<0.001                                                                                                                          

EV=Eigenvalue; BMI=Body mass index; KMO=Kaiser-Meyer-Olkin; KAP=Knowledge, attitude, and practices

The result of test--retest reliability (ICC = 0.85) indicated good questionnaire stability. The mean (± standard deviation) knowledge, attitude, and practice scores and numbers of items in each dimension are presented in [Table 4](#T4){ref-type="table"}. The practice domain had the highest mean (46.01 ± 16.94), and knowledge had the lowest (28.58 ± 12.06) among the subscales.

###### 

Mean standard deviation for cancer-related nutrition knowledge, attitude, and practice of the study population

  Constructs   *n*^a^   Mean^b^   SD      Minimum   Maximum
  ------------ -------- --------- ------- --------- ---------
  Knowledge    11       28.58     12.06   10.59     54.97
  Attitude     27       38.02     13.48   19.87     58.14
  Practice     17       46.01     16.94   5.49      73.37

^a^Number of questions; ^b^Data are presented in 0-100 scale. SD=Standard deviation

We also assessed knowledge, attitude, and practice of study participants by education level. We observed an increase in the mean score of knowledge by increasing education level, which reached a peak in the postgraduate group (mean = 40.6), whereas a downward trend was observed for mean attitude score. The highest mean score of attitude was 71.6, which was observed in the primary education group, and this score continuously decreased until it reached 57.5 among the postgraduate group. We also found a direct association between practice score and level of education. University graduate groups had slightly higher values of practice compared to those with a bachelor\'s degree (55.8 vs. 53.6) \[[Figure 1](#F1){ref-type="fig"}\].

![Mean comparison of NUTCANKAP subscales for education](JRMS-24-87-g001){#F1}

We studied associations between knowledge, attitude, and practice scores and age. According to our findings, the mean score of knowledge and practice was slightly higher among participants who were younger than 30 years (knowledge = 36.4 and practice = 55.8) compared to those who were older than 30 years (knowledge = 35.0 and practice = 53.7). However, it appeared that older groups had slightly higher mean attitude scores than younger groups (64.2 vs. 57.7) \[[Figure 2](#F2){ref-type="fig"}\].

![Mean comparison of NUTCANKAP subscales for age](JRMS-24-87-g002){#F2}

DISCUSSION {#sec1-4}
==========

The current study was the first attempt to develop and validate a cancer-related nutrition knowledge, attitude, and practice (KAP) questionnaire, among Iranian women. This requires a valid and reliable instrument to execute future health policies. Our findings supported initial validity and reliability of the instrument. Qualitative content validity assessment by experts suggested that the scale had good content validity. The reliability of NUTCANKAP in different constructs was supported by a Cronbach\'s alpha and KR-20 of \>0.60. The results of EFA suggested that four components in knowledge and practice must be removed after pooling items. The overall ICC was 0.85, which suggested good reproducibility.

Nutrition knowledge is in relation to several factors such as education, age, sex, and socioeconomic status.\[[@ref25]\] Naturally, knowledge relates to education, and our findings are in agreement with the results of other studies that report that higher education or socioeconomic status is related to higher levels of nutrition knowledge.\[[@ref25][@ref26][@ref27]\] In contrast with the knowledge domain, no difference was observed between well-educated and low-educated people in terms of attitude and practice. It seems that although well-educated people have more information about cancer, their perceived risk of cancer is low, which decreases the possibility of their showing preventive activities. This study showed higher scores of knowledge in younger participants. This could be partly explained by the fact that younger people have more access to information, which may result in their being more knowledgeable. On the other hand, people become more worried about disease as they grow older; therefore, their attitude toward cancer changes with increased age. Previous studies reported that KAP scores of people over 30 years were completely different from those under 30 years, which is similar to our results.\[[@ref25][@ref28]\] However, the observed differences in the KAP scores of different age groups were not statistically significant.

Based on our findings, there was a lack of nutritional awareness regarding cancer among Iranian women. Because the participants of our study had attended regular classes on healthy diet, we expected them to have high nutritional knowledge. This affected the type of questions used in this tool. We used difficult questions in the knowledge domain, which could have led to low scores in this part. However, our findings were consistent with the results of other studies which depicted poor knowledge regarding the role of nutrition in cancer prevention.\[[@ref10][@ref14]\] In general, people performed weakly in the practice domain. It might be that they are unaware of the link between nutrition and disease. For example, one study showed that people had poor knowledge about the link between fruits and vegetables and cancer. On the other hand, people may be unable to translate their knowledge into practice due to barriers such as the higher price of organic/healthy/nutritious foods, lack of available time to prepare foods, the effects of advertising, habits, and because they perceive unhealthy foods as tasting better.\[[@ref25]\]

Most nutrition questionnaires have been designed to assess adherence to dietary guidelines, with particular attention toward developed countries.\[[@ref15][@ref16][@ref18][@ref19][@ref29]\] Ironically, despite the fact that nutrition problems are greater in low- and middle-income countries, fewer studies have been conducted in these regions.\[[@ref10][@ref17]\]

The main limitation of our study is that all of our participants were women; therefore, we cannot generalize its validity to the whole population. However, it is noticeable that women are the main decision-makers regarding food choice, and they are responsible for food preparation in the family. Educational interventions are also generally conducted in female groups. Mothers decide on the dietary patterns of children at an early age and can provide them with a healthy diet. Moreover, children learn nutritional habits from their parents. Several studies have shown that children\'s dietary habits are similar to that of their parents.\[[@ref30]\] Therefore, educating children will result in them acquiring healthier eating habits which they may carry throughout life. The study population was recruited from the south of Tehran and may not be representative of the Iranian population, which is composed of different ethnic groups, cultures, and socioeconomic status. However, because Tehran is the capital city of Iran and includes immigrants from across Iran, it is home to a variety of cultures. We included the common foods and beverages consumed by Iranians in our questionnaire. Although considerations must be taken into account when generalizing results to various provinces, the results can, however, be generalized to the entire country. Unfortunately, our budget did not allow us to conduct a national survey.

The main strength of this study was question design, which incorporated different aspects of cancer-related nutrition and also its novelty in evaluating KAP regarding this matter among the Iranian population. However, the questionnaire is lengthy, which may lead to a reduced response rate. It may be useful to develop a shorter version of the NUTCANKAP questionnaire in the future.

CONCLUSION {#sec1-5}
==========

This study presents the NUTCANKAP questionnaire, which is a valid and reliable questionnaire developed for the assessment of cancer-related nutrition KAP among the Iranian population. Our results show that population knowledge regarding the role of nutrition in cancer prevention is low, and educational interventions are required to improve it. Using this questionnaire in large- or national-scale surveys could increase the validity of the developed tool and provide policy-makers with important information on how to change dietary habits among the Iranian population.
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